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Abstract 
Purpose – Prior research shows that universities differ in the knowledge exchange (KE) 
activities they pursue, but little is known about universities’ strategies regarding their portfolio 
of KE activities. The purpose of this study is to explore the KE strategy of UK universities in 
specific relation to their portfolio of KE activities with small and medium-sized enterprises.  
Design/methodology/approach – Based on the 2015-2016 Higher Education Business and 
Community Interaction Survey (HE-BCI) data set, this study employs the Preference Ranking 
Organization METHod for the Enrichment of Evaluations (PROMETHEE) to assess the KE 
activities from 162 UK higher education institutions. 
Findings – The study reveals that entrepreneurial universities valorize university knowledge 
assets through five SME-focused KE activities most beneficial to measuring the entrepreneurial 
university. It also uncovers four different archetypal categories (groupings) of universities 
based on their strategic focus of KE activities.  
Originality/value – This study contributes to the Entrepreneurial University literature by 
considering universities’ overall KE portfolio rather than examining individual KE activity in 
isolation. It provides a clearer understanding of universities’ KE strategies that help define and 
delineate Entrepreneurial Universities regarding their range, focus, and the combination of KE 
activities. 
Keywords Entrepreneurial University, Third Sector Activity, Knowledge Exchange Strategy, 
Small and Medium-Sized Enterprises, PROMETHEE, Ranking of University 
Paper type Research paper 
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1. Introduction 
Increased competition exists for universities, as a consequence of decreasing higher education 
funding from the government (Lambert, 2003; Martin, 2012; Mowery et al., 2015).  
Simultaneously, universities are increasingly tasked with contributing to the broader 
development of the economy and society (Perkmann et al., 2013; Sánchez-Barrioluengo, 2014). 
Under greater pressure to tackle the challenges of the knowledge economy (Charles et al., 2014; 
Miller et al., 2014) this places increasing importance on the “Entrepreneurial University” 
concept. 
Broadly, Entrepreneurial Universities have been defined as universities that pursue a third 
mission beyond their traditional missions of teaching and research (Sam and Sijde, 2014). 
Defined more narrowly, Etzkowitz et al., (2000) define Entrepreneurial Universities as those 
that engage in third mission activities to improve regional or national economic performance 
as well as the university’s own financial position. Third mission activities, also known as 
knowledge exchange (KE) activities or entrepreneurial activities (Philpott et al., 2011), are in 
the UK measured under the term Third Sector Activity (TSA). Since these activities have 
profound economic and social impacts (Guerrero et al., 2016; Fini et al., 2018), extensive 
studies have explored determinants of KE activities (D’Este and Patel, 2007; Guerrero and 
Urbano, 2012; Huggins et al., 2012; Galán‐Muros and Plewa, 2016; Hmieleski and Powell, 
2018).  
Clearly, however, universities are heterogeneous organisations, there being 162 higher 
education institutions in the UK context for example, differing significantly in background and 
characteristics. Within the literature analysis of UK universities has tended, however, to follow 
relatively simple, usually dichotomous, evaluations in regards to the Entrepreneurial 
University. Morgan (2002), for example, classified this dichotomy between ‘elite’ and 
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‘outreach’ universities, overlapping with Hewitt-Dundas’s (2012) Low Research Intensive 
(LRI) / High Research Intensive (HRI) definition in which LRI/outreach universities were 
engaged in far more human (social) capital development than HRI/elite universities whilst 
HRI/elite universities were able to generate far more income from their research and were 
provided with far more funds for that research. This essentially dichotomous approach has also 
been adopted in more recent work. Fuller et al., (2017), for example, constructed indexes based 
on universities existing along (indexed) continuums in terms of the extent to which they can be 
seen as more entrepreneurial (as defined by focus on a narrower range of activities, more likely 
primarily for their own benefit) or enterprising (more broadly and balanced in their focus in 
activities that both benefit themselves but also the economy more widely).  
Despite growing interest among academics and policymakers in entrepreneurial universities 
(Etzkowitz et al., 2000; Audretsch, 2014; Guerrero et al., 2016), the variety and connectivity 
of their strategies regarding the KE portfolio (i.e., the mix of KE activities universities pursue) 
has received relatively limited attention (Sengupta and Ray 2017a). For example, prior studies 
tend to focus on comparing the individual KE activity separately without considering the 
portfolio of KE activities pursued by universities (Hewitt-Dundas, 2012; Abreu et al., 2016). 
Even where multiple KE activities have been analysed together, as in Fuller et al., (2017) this 
has concentrated on the overall resultant index score and university ranking, rather than 
analysing the range of ways similar rankings may be achieved by different universities. 
This paper argues that examining individual KE activities in isolation, or considering only the 
overall KE “score”, however constructed, without also considering the overall KE portfolio, 
gives only a partial picture, because universities engage in sets of KE activities rather than 
pursuing a single activity alone. Literature has highlighted that universities are heterogeneous 
institutions varying in objectives and strategic priorities with regards to the types of partners 
they engage with, as well as the range of TSA they pursue (Kitagawa et al., 2016). Examining 
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universities’ KE portfolio is critical as it can shed lights on the range of activities universities 
pursue, and thus help to uncover universities’ KE strategy. In other words, universities’ 
strategic priorities in KE can be identified through examining the combinations of activities 
they undertake.  
The combinations of activities they undertake have a further, specific importance when applied 
to interactions with SMEs. Giuliani and Arza’s (2009) research shows that the value of 
universities’ TSA can partly be determined by the knowledge base of those receiving university 
knowledge, highlighting the key importance of firms’ absorptive capacity (Clifton et al, 2010) 
in this debate. This is often an issue with regards to smaller firms in particular, because “SMEs 
find it difficult to engage with HEIs for a host of different reasons, not least the lack of 
resources to engage, the lack of capabilities to identify the right partners, and a lack of 
awareness of the benefits.” (PACEC, 2012, p. 32). This therefore gives additional importance 
to the interactions between universities and HEIs that do take place, and increases the 
importance of analysis of these. 
Clifton et al., (2010), analysing contributions of a range of actors in SME innovation creation 
and dissemination, also highlight that because the level of UK firm-UK university cooperation 
was often low, firms also required a certain level of absorptive capacity (through their own 
innovation activities), to provide legitimacy prior to being able to beneficially cooperate with 
a university.  All of this raises potential important questions of WHO universities engage with 
through their TSAs, as well as WHAT activities this is focused through, in helping to better 
understand the strategies that lie behind the Entrepreneurial University concept. Specifically, 
how is the degree and type of engagement with SMEs relevant in this debate?  
To put in context, whilst recent empirical work indicates that universities differ in the KE 
strategy they adopt, with some universities emphasising a broad range of KE activities while 
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others are more selective on the activities they pursue (Kitagawa et al., 2016; Sengupta and 
Ray, 2017a), the existing evidence is based only on a small number of universities. We also 
still lack a holistic understanding of how the strategy of KE portfolio varies amongst 
universities in the UK specifically. Research suggests that universities make strategic choices 
by growing certain KE activities while neglecting others (Day and Fernandez, 2015). There is, 
however, currently little research explicitly about the strategies of universities regarding their 
KE portfolio in terms of simultaneously analysing the size, scope and focus of this portfolio. 
This is particularly apparent with regards to universities’ KE strategies with regards to SMEs. 
In the UK context, this may partly be because SMEs have historically only accounted for a 
relatively small proportion of the total incomes generated from universities’ KE activities (HE-
BCI Report, 2017).  
We focus specifically on universities’ KE activities with SMEs because we believe it to be a 
better Entrepreneurial University focused measure of the strategic choices of universities 
generally than KE activities overall. It simultaneously captures Etzkowitz et al’s (2000) 
definition of university activities that simultaneously improve university and regional or 
national economic performance, whilst also broadly fitting many aspects of the “enterprising 
university” definition described in Fuller et al., (2017). Another reason to focus on SMEs is 
that the majority of English universities having established infrastructure to provide support 
for SMEs (HE-BCI report 2017), implying their extent of engagement with SMEs are more 
likely to be a function of their strategic decisions. By contrast, it may be more challenging for 
some universities to attract and collaborate with large organisations due to constraints in 
resources and capabilities (Kitagawa et al., 2016).  
Furthermore, SMEs represents an increasingly important source of revenues for universities 
(HE-BCI Report, 2017). SMEs has been identified as the most frequent target for KE activities 
(PACEC/CBR, 2009). This is not surprising given that universities are increasingly 
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incentivised to interact with SMEs. For example, the KE incomes generated from SMEs being 
double weighted in the allocation of third stream funding by the Higher Education Funding 
Council for England (Rosli and Rossi, 2016). Evidence has also shown that universities interact 
with SMEs to a greater extent than large firms (Huggins et al., 2012). 
Accordingly, the purpose of this study is to explore the KE strategy of universities in the UK 
in specific relation to their portfolio of KE activities with SMEs. In so doing, this study 
identifies groups of universities sharing similar KE strategies in their interaction with SMEs, 
upon which more detailed analysis of the reasons behind these choices can be built. We adopt 
a holistic approach by using individual universities as the unit of analysis and considering the 
KE portfolio of universities with SMEs. Based on the 2015-2016 HE-BCIS dataset, we 
identified universities’ incomes from each KE activities they pursue. The incomes are then 
used as proxy to represent universities’ relative strategic focus on each KE activity. As such, 
the present study concerns the outcomes from universities’ KE strategy rather than their 
strategic choices which may or may not be realised.      
In order to undertake ranking universities according to a range of KE activities whilst 
simultaneously identifying and illustrating groups of universities sharing similar portfolios in 
terms of these outcomes from their KE strategy, it is necessary to use a different approach to 
those used in studies such as Fuller et al (2017). Preference Ranking Organization METHod 
for the Enrichment of Evaluations (PROMETHEE) is a multicriteria method that employs 
visualization software that, with few parameters, creates non-technical, user-friendly 
visualization of results (Brans 1982; Brans and Vincke 1985; Nemery et al. 2012). The 
evaluation of each criterion can be expressed in their natural units, also eliminating problems 
relating to scaling, obviating the need for normalization of scores, avoiding rankings relying 
on the selected normalization method (Tofallis 2008, Ishizaka and Nemery 2011), or the log 
based approach highlighted in Fuller et al (2017). Instead the decision-maker defines a 
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preference function generally characterized by an indifference and preference threshold. 
PROMETHEE is also able to be linked to Graphical analysis for interactive aid (GAIA), 
allowing two dimensional representation of individual decision-maker preferences (Brans and 
Mareschal 1994). In this research, all included universities are able to be represented and then 
compared on a single GAIA diagram, which compares favourably to previous approaches (such 
as example Fuller et al, 2017) which require multiple diagrams to undertake the same types of 
processes. 
The rest of the paper is structured as follows. The next section evaluates the existing literature 
for university KE activities in terms of the different types of activities and partners they can 
engage with, focusing on the heterogeneous strategies that are possible. From this research 
questions are developed. The PROMETHEE methodology is then outlined, followed by the 
results. These are then discussed and compared with the extant literature. Finally, in the 
conclusions, contributions are identified, limitations explained and future research 
opportunities discussed. 
2. Literature review 
2.1 The heterogeneity of universities and their KE activities 
While Etzkowitz et al., (2000, p. 313) assert “the ‘entrepreneurial university’ is a global 
phenomenon with an isomorphic developmental path”, recent research suggests no best type 
of entrepreneurial university exists (Bronstein and Reihlen, 2014) because of  considerable 
differences between higher education systems across different countries and even between 
universities in the same educational system (Bonaccorsi et al., 2007; Philpott et al., 2011; 
Sánchez-Barrioluengo, 2014). Indeed, based on a meta-synthesis of twenty-seven case studies 
on entrepreneurial universities across different national contexts, Bronstein and Reihlen (2014) 
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found that universities can be categorised into several different types depending on their 
primary focus.  
Previously, UK universities have been categorised into types such as new versus old, research-
oriented versus teaching-led, and Russell Group versus non-Russell Group. Research-oriented 
universities have significantly higher levels of research outputs than those that are teaching-led 
(Abreu et al., 2016). It can thus be expected that universities have different levels of resources 
and capabilities that may influence their engagement in KE activities. 
Indeed, evidence suggests that universities differ in their engagement in KE activities. For 
example, Hewitt-Dundas (2012) showed that HRI universities generated higher KE incomes 
from SMEs in contract research and consultancy but lower revenues in courses for business 
and community than LRI universities. Likewise, Huggins et al., (2012) showed that older 
universities have a higher tendency than new universities to interact with different types of 
organisations for KE activities. Similarly, Abreu et al., (2016) found that research-intensive 
universities (i.e., the 24 Russell Group universities) differ from teaching-led universities (i.e., 
126 non-Russell Group) in the KE type of activities pursued, in particular exhibiting higher 
levels of licensing, spin-out, and contract research activities. 
While these studies have contributed to our understanding of how universities differ in KE 
activities, there are limitations remain to be addressed. In addition to differences between 
universities in different groups (e.g., Russell versus non-Russell Group), substantial differences 
also exist within the same group (Sengupta and Ray, 2017a). Within group differences 
concerning KE activities, however, are largely unexplored in the literature. Furthermore, prior 
research often examines KE activities in isolation without considering the KE portfolio. This 
is problematic because universities often pursue a set of KE activities and need to balance the 
different KE activities they undertake (Day and Fernandez, 2015). Examining individual KE 
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activities in isolation therefore provides an incomplete picture of the overall KE strategies of 
universities.  
2.2 KE strategies 
The KE strategies of universities entail at least four key elements: the range of KE activities 
they pursue, the relative emphasis they put on each activity within this KE portfolio, the type 
of partners they engage with, and the geography (e.g. regional, national, and international) they 
are focused on when engaging with partners. As Kitagawa et al., (2016, p.736) noted, “each 
university creates its own approaches and models of third mission by targeting different areas 
of activities, partners and geographical areas.”   
KE activities can take place through a wide range of channels including patenting, licensing, 
spin-offs, contract research, collaborative research, consultancies, continuing professional 
development (CPD) and facilities and equipment related services (Perkmann et al., 2013; 
Abreu et al., 2016). KE channels such as patenting, licensing, and spin-offs are often used by 
universities to exploit the intellectual property they generated (Abreu and Grinevich, 2013). 
Since KE activities through these channels are less compatible with the traditional role of 
academics (Louis et al., 1989), they are often considered more entrepreneurial. Conversely, KE 
activities through channels such as contract research, collaborative research, and consultancies 
are seen to be more aligned with the traditional academic culture and considered less 
entrepreneurial (Louis et al., 1989). These boundaries may be, however, increasingly blurring 
in relation to the entrepreneurial university concept as TSA revenues become more important.  
Universities may adopt either a broad or a focused strategy for KE portfolio (Kitagawa et al., 
2016; Sengupta and Ray, 2017a). They may pursue a broad strategy, engaging with external 
organisations via a wide range of channels, for several reasons. First, a broad KE strategy may 
allow universities to generate revenues through multiple KE channels. Other things being equal, 
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universities using a broad range of KE channels should be better positioned to address the 
specific needs of individual organisations and generate greater incomes from diverse sources 
(Olmos-Peñuela et al., 2014; Ramos-Vielba et al., 2016). Second, it allows universities to 
develop diverse knowledge bases and capabilities to help bridge gaps between scientific 
research and application (D’Este and Patel, 2007). Third, it enables universities to enhance 
their research base. Since the knowledge flow between universities - industries interactions 
tend to be bi-directional rather than unidirectional, universities can also gain considerable 
insights from interactions with industries (D’Este and Patel, 2007). For example, KE activities 
such as collaboration and contract research may lead to the development of new knowledge 
that contributes to universities’ research base. Recent evidence also suggests that universities’ 
past research output (both quality and quantity) positively impact their knowledge transfer 
activities (Sengupta and Ray 2017b).  
Conversely, some universities may pursue a narrower KE strategy, where they have 
comparative strengths to compete effectively in the competitive education sector. For example, 
universities that focus on KE activities where they have a relative advantage are more likely to 
achieve above average growth in their KE incomes (Day and Fernandez, 2015). Furthermore, 
the disciplinary mix of universities may also influence their strategic choices to focus on certain 
KE activities over others. Since universities may have a very different disciplinary mix as 
determined by the faculties and schools they are composed of (Bonaccorsi et al., 2007), the 
educational activities and research outputs should vary between them. Such a difference can 
impact the forms and range of KE activities universities pursue. For example, patenting and 
licensing activities are more relevant to certain academic disciplines (e.g., biosciences) than 
others (Mowery et al., 2015). The decisions to focus on a smaller set of KE channels may also, 
of course, partly be the result of constraints on the availability of resources and capabilities. 
For example, universities that are relatively small in scale may lack the resources and 
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capabilities to pursue a broad KE strategy. Likewise, in comparison with old universities, new 
universities tend to have a disadvantage in pursuing diverse KE activities because they are 
much more constrained in terms of internal resources than established universities (Huggins et 
al., 2012; McCormack et al., 2014) as well as external relationships. 
It should be noted, however, that even for universities that adopt a broad KE strategy, the 
relative importance of each KE channel may differ between individual universities. For 
example, some universities may generate higher proportions of income from certain channel(s) 
and lower from others (Day and Fernandez, 2015), demonstrating that not all universities 
emphasise the same channels in their KE strategy (Sengupta and Ray, 2017a). Evidence also 
suggests that incomes from patenting, licensing, and spin-offs activities represent a relatively 
small proportion, a large percentage of revenues instead generated through contract research, 
collaborative research, and consultancy (HE-BCI Report, 2017).  
The type of partner universities interact with for KE activities may include SMEs, large firms, 
and other non-commercial organisations. Some universities (often low research intensity) have 
a greater strategic focus on SMEs, while others (often high research intensity) tend to 
emphasise large firms (PACEC/CBR, 2009). Evidence has shown that, for both established and 
new universities, SMEs are the predominant type of organisation they interact with (Huggins 
et al., 2012). This may partly be because universities generally are less likely to be constrained 
by resources or capabilities to engage with SMEs (Kitagawa et al., 2016). Indeed, irrespective 
of their relative size, age, and research quality, most universities in the UK have established 
the infrastructure to engage with SMEs, partly supported by the funding from government 
initiatives (HE-BCI Report, 2017). Given that most universities have capabilities to interact 
with SMEs, it is reasonable to expect their extent of engagement with SMEs to be more a 
function of their strategic choice than resource-related necessity than it would be for KE 
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activities more generally. As such a focus on SME engagement therefore has the potential to 
give a better understanding of the range of Entrepreneurial university strategies.  
It must also be acknowledged that the regions the universities are embedded within can also 
impact their KE strategies. In England, for example, Local Economic Partnerships (LEPs) 
research has shown that “there are significant variations in the population of SMEs across LEPs 
both in terms of their number, sectoral composition, productivity and technological intensity” 
(Bonner et al., 2015, p. 3). This implies that the demand of SMEs for specific KE activities 
should vary substantially between different regions. This may be for a number of reasons, 
related to numbers of SMEs within a region, but also their sectoral breakdown and growth 
ambitions. For example, SMEs in high-technology sectors or knowledge-intensive business 
services may have a higher demand for collaborative research or contract research (Bonner et 
al., 2015), whilst higher growth oriented firms are both more likely to engage in international 
markets (Mason and Brown, 2013; BIS, 2010), where innovation is more important, and are 
likely to be more open to business support and collaboration (Bonner et al., 2015). Conversely, 
regions lacking these types of SMEs may also be the ones where university KE activity is 
promoted more strongly by government (Cooke, 2003). Indeed, recent empirical evidence 
suggests that “academics in uncompetitive regions are more intensively engaged in 
entrepreneurial activities but generate less income from them than their counterparts in 
competitive regions, suggesting that there are differences in the income-generating capacity of 
academics across regions” (Zhang et al., 2016, p. 257). Partly related to this universities will 
have different strategies in relation to the geographic scope of the partners they interact with 
for KE, some universities more likely to engage with business at the regional level, while others 
are more likely to engage with business at national or international level.  
This review of the literature therefore identifies a need for tools for Entrepreneurial Universities 
to better understand and evaluate their own and other universities’ KE activities and consequent 
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strategic profiles, particularly given their need to increasingly focus their engagement strategies 
in this area as a result of increased competition and constrained resources from other sources. 
In this research we are therefore interested in the following questions: 
• How do entrepreneurial universities valorize university knowledge assets in terms of SME-
focused KE activities that can be seen as most beneficial to measuring the entrepreneurial 
university? 
•What entrepreneurial university models/archetypes can be identified and classified in terms of 
these SME-focused KE activities? 
•What are the most relevant KE activities (both singular and in combination) that universities 
are using, in relation to the entrepreneurial university concept as it relates to interactions with 
SMEs? 
•Are there specific SME-focused entrepreneurial university models / archetypes that are more 
likely to influence regional economic development in terms of shaping entrepreneurial 
ecosystems? 
3. Method 
3.1 PROMETHEE 
The Preference Ranking Organization METHod for the Enrichment of Evaluations 
(PROMETHEE) has attracted increasing attention in the literature (see Behzadian et al., 2010 
for a recent review). For example, prior research has applied it to evaluate business incubators 
(Schwartz and Göthner, 2009), project selection (Halouani et al., 2009), and, important for this 
paper, the strategic goals of education institutions (Živković et al., 2017).  
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Information within a Criterion- As with any multicriteria decision problem, we consider a 
set of m possible actions or alternatives A = {a1, a2, ... , am} which are evaluated on a set of n 
criteria C = { c1, c2,.., cn}. For each criterion, and for each ordered pair of actions, the decision 
maker expresses his/her preference by means of a preference degree. The preference degree 
Pi(a,b) indicates if an alternative a is preferred or not to alternative b on the criterion ci. The 
preference degree is obtained using the preference function. Several typical shapes are 
proposed (Brans and Vincke 1985) for the preference functions like the linear, the step or 
Gaussian preference function.  
Aggregated Preference Functions- In order to evaluate how much action a is preferred to b 
over all the criteria, the preference index π(a,b) is calculated with a weighted sum (1) of the 
preference degrees Pi(a,b). The weights wi, calculated represent the importance of each criteria 
in the decision. 
 
where Pi (a,b) is the score of the preference function, wi the weight of criterion ci and n the 
number of criteria.  
Outranking Flows- As each action is compared with m-1 other actions, two flows can be 
defined with (1): 
The Positive flow: 
 
…with m being the number of actions of the set A 
This score represents the global strength of action a in comparison to all the other actions. It is 
this score that has to be maximized.  
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The Negative flow:  
 
…with m being the number of actions of the set A 
This score represents the global weakness of a in comparison to all the other actions. It is this 
s score that has to be minimized. 
Ranking- The complete ranking of PROMETHEE II is given by the net flow:  
  (4) Φ(a) = Φ+(a) – Φ-(a) 
The higher the net flows, the better the rank of an action. A fuller discussion on net flow scores 
can be found in Brans and Mareschal (2005) and Mareschal et al., (2008).  
The score produced for each university is entirely relative to the pool of other universities. The 
score is relative and sums to 0. This means that if we have say only two universities and one 
has a score of 0.5, then the second will have a score of -0.5. 
3.2 Visualizing the results - Graphical analysis for interactive aid (GAIA)   
The aim of the GAIA method is to represent, on a two dimensional view, as much as possible 
the decision-maker’s preferences and its implications (Brans and Mareschal 1994). For this 
purpose, a plane in the hyperspace is found via principal component analysis (PCA) of the 
matrix Φ. In the PCA, the variance-covariance matrix of the decision problem, noted C, is first 
calculated. This matrix can be obtained by using the following relation: 
  (5) nC= Φ’ Φ  
…where  C:  variance-covariance matrix 
 Φ’:  the transposed matrix of Φ  
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 n: positive integer 
Then, two eigenvectors, noted, u

 and v

are selected such as they have the greatest eigenvalues 
λ1 and λ2. These two eigenvectors are orthogonal ( vu

 ) and define the best plane, called the 
GAIA plane, to use for the projection of the actions (the ai points) while minimizing the loss of 
information (Brans and Mareschal 1994).  
Every action of the decision problem will be projected in this plane and its coordinates are 
obtained as follows:  
 
In order to represent the intra criteria information, each criterion fj will be projected to cj on the 
GAIA plane. The angle between the projections of two criteria is a measure of similarity or 
conflict between the criteria. The smaller the angle, the more similar two criteria are. A large 
angle means conflicting criteria.  
Finally, the information on the weights chosen by the decision-maker can be added by finding 
the projection of the weights vector:  ?⃗⃗? : (𝑤1, 𝑤2, … , 𝑤𝑗, … , 𝑤𝑘) ?⃗⃗? : (𝑤1, 𝑤2, … , 𝑤𝑗, … , 𝑤𝑘). The 
obtained vector is called a Decision Stick D

, and represents the decision-maker’s priorities:  
 
The GAIA plane facilitates the decision aid process as easy conclusions can be drawn visually. 
Near actions on the plane will often have very similar rows in the variance-covariance matrix 
Ф. The decision-maker can thus easily identify actions with similar or opposite performances. 
Moreover, the decision-maker can compare criteria since their position on the plane is an 
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indication of their conflicting or correlated behaviour. Their length represents their 
distinguishing power between actions. A wash criterion has a short length; a discriminating 
criterion has a long length. 
3.3 Data used 
This research evaluates the following variables, all taken from the 2015-2016 HE-BCIS 
dataset, expressed in £. for the eight KE variables contained in the dataset that were also 
identified from the literature as relevant to the Entrepreneurial University context, and where 
an explicit focus on SMEs could be identified or implied:- 
 Income from Continuous Professional Development with SMEs 
 Income from Shares sold in spinouts 
 Income from software licence income from SMEs 
 Income from non-software licence income with SMEs 
 Income from Consultancy with SMEs 
 Other Intellectual Property (IP) Income with SMEs 
 Income from Contract Research with SMEs 
 Income from Facilities and Equipment Related Services with SMEs. 
 
4. Results 
In terms of the results, these can be presented in a number of ways. The most obvious, and 
traditional, is in the form of a ranking of University KE Activity with SMEs, based on the 
PROMETHEE analysis itself, illustrated in the table below which, for reasons of brevity, shows 
the first 30 universities in the index.  
***Table 1 *** 
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This ranking generates an order consistent with alternative rankings (albeit in slightly different 
contexts using different methods) conducted by, for example, Fuller et al (2017). However, 
because PROMETHEE is specifically designed to focus on the strategies employed via the way 
in which the scores are generated, supported by the additional visualisation techniques 
employed, additional information relevant information is generated as discussed below.  For 
example, the stacked bar chart below (which, for brevity only shows the first 30 universities in 
the index) indicates where low performance on one criterion can be totally compensated and 
masked by higher performance on another criterion.  
***Figure 1*** 
Figure 1 illustrates the university ranking in decreasing order according to their net score (sum 
of positive and negative). This ranking is the same as in Table 1. It shows a stacked bar chart 
of the contribution of each evaluation criterion to the global score. Because PROMETHEE is 
a partial compensatory method, low scores for one variable cannot be fully compensated by 
high scores. For example, the Anglia Ruskin (A4) score is very reliant on consultancy income 
from SMEs and would appear higher in the rankings without PROMETHEE being able to 
partially compensate for this. Indifference thresholds define the minimum necessary for each 
criterion to be achieved in order to start to accumulate a positive flow. The preference 
threshold, at the other end, gives the maximum allowed to be accumulated in the positive flow. 
This therefore partially compensates in the overall ranking for universities strategically 
concentrating only or mainly on that measured criteria. A negative score means that they are 
below average overall, whilst a positive score indicates an above average overall performance. 
In general terms this allows identification of the relevant KE strengths (that could be used by 
university management for marketing promotion) and weaknesses (that can be used for policy 
development focus) of each university. For example, A12 (Birmingham City University) could 
improve on the contract research income they could generate and as a result improve their 
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score. Many universities also have a very small bar, which indicates that they need to improve 
on all evaluation criteria. 
The GAIA visual technique provides more information than simple ranking, through the 
identification of the criteria contributing most to the differences between universities in terms 
of their rankings, where criteria are more closely correlated with each other, and also a visual 
means of identifying groupings of universities as defined by similar outcomes from 
universities’ KE strategies. 
***Figure 2*** 
Figure 2 focuses on the centre of the GAIA plane. Consultancy for SMEs, CPD for SMEs 
Software licence income, non-software licence income and contract research are the criteria 
that have the best discriminating power for evaluating Universities because they have longer 
arrows. The other criteria, share in spinouts, other IP income and Facilities and equipment 
related services in contrast, have low discriminating power (short arrow), which indicates that 
universities have very similar values for these activities. Indeed, many universities are not 
undertaking these activities at all. 
Where the arrows are pointing in the same direction, this indicates that the criteria are positively 
correlated. The closer the lines are to each other the stronger the correlation. Therefore, other 
IP income, facilities and equipment related services, Consultancy for SMEs, and CPD for 
SMEs are correlated with each other. There is another set of correlations between Software 
licence income, non software licence income, sales of shares in spinoffs, and Contract 
research.  
By way of contrast, the arrow for CPD for SMEs is more than 90° different to software licence 
income, indicating that universities generating strong income performance from  CPD activities 
do much less well in terms of software licensing and vice versa. Another way to look at this is 
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the larger the angles between variables, the higher the degree of potential policy tension 
between the desired outcomes, with potential trade-offs between these groups of policy aims, 
since they are less strongly mutually supportive than where variables are more strongly 
correlated. 
5. Discussion 
5.1 Archetypes of universities based on SME-focused KE activities 
Specifically focusing on the research questions identified, it can clearly be seen that 
entrepreneurial universities valorize university knowledge assets through five SME-focused 
KE activities most beneficial to measuring the entrepreneurial university, namely Consultancy 
for SMEs, CPD for SMEs Software licence income, non-software licence income and contract 
research. These are the criteria identified as having the best discriminating power for evaluating 
Universities because they have longer arrows. They also indicate, at an individual level, a broad 
range of ways in which universities are generating value from their knowledge assets in 
relationships with SMEs. 
Figure 3 identifies where each university sits on the GAIA plane, both in terms of the activities 
that it focuses upon and which other universities it is closest to, the precise position of each 
university being a combination of the strength (or weakness) in overall activities and also the 
activity/activities it is most strongly associated with. Using figure 3, four different broad 
archetypal categories (groupings) of entrepreneurial university models/archetypes can be 
identified and classified in terms of these SME-focused KE activities. These are visually 
identified on the GAIA plane and defined in terms of position on the diagram and by the 
correlations between the criteria as follows:-   
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 Weak External Entrepreneurial Income generating Activities with SMEs (having 
negative values). Examples include the University of Winchester and University of 
Chichester 
 “Teaching Related Focus”: CPD / Consultancy / Facilities focused /  (e.g. Liverpool 
(6th)), Salford (ranked 12th), Anglia Ruskin (13th) and York (14th)  
 “IP Exploitation Related Focus” Software licence income /  non software licence 
income / Contract research, and sales of shares in spinoffs focused (Oxford University 
(ranked 1st), University College London (2nd), Dundee University (9th), University of 
Aberdeen (10th) 
 “Broad Focus” (e.g. Southampton (3rd), Cambridge (7th), Nottingham (11th) 
***Figure 3*** 
Identifying the most relevant KE activities (both singular and in combination) that universities 
are using in relation to the entrepreneurial university concept as it relates to interactions with 
SMEs, it can be seen that Universities with a narrower IP Exploitation Related focus (IPERF) 
are more likely to be found higher up the Entrepreneurial University rankings (Oxford 
University (ranked 1st), University College London (2nd), Dundee University (9th), University 
of Aberdeen (10th)). Overall, 6 of the top 10 places are taken by universities with this type of 
strategy, compared to 3 with a Broad Focus (BF) strategy. The fact that only one university 
with the narrower “Teaching Related Focus” (TRF) is placed in the top 10, suggests that the 
success of a narrow focus strategy is also dependent on which activities are focused on, the 
focused grouping having representatives that are much less prevalent in the Entrepreneurial 
University index, at least amongst the top ten. 
If one looks at all the universities with positive scores, the picture becomes even more nuanced. 
Of the 49 universities with a positive score, whilst it is the 15 IPERF universities, which rely 
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on a smaller number of key KE activities for their rankings, that have the highest average score, 
they have a slightly lower average ranking than the 11 BF universities which generate their 
results from a wider range of activities. Also, whilst the TRF universities have the lowest 
average ranking and score, they are also the most prevalent grouping in the top 49, with 23 
universities, and between these three groupings the differences in average scores and rankings 
are not significant.  
This result also suggests a blurring of universities’ KE strategies, with contract research in this 
analysis, previously seen as more broadly linked to academic engagement, in this study being 
more aligned with research commercialisation. Simultaneously, academic engagement and 
business and community- related services can be seen as part of one broader group of activities.  
In comparison with previous approaches, there are also some interesting contrasts. For example, 
compared with the approach of Hewitt-Dundas (2012) it can be seen that whilst, as expected, 
there is a concentration of the old research intensive HRIs from the Russell Group in the IPERF  
cluster (with ten of the fifteen universities coming from the Russell Group), there are another 
seven in the more widely focused BF grouping (of the total of twelve), four in the TRF group 
and three in the cluster that would be characterised as Weak External Entrepreneurial Income 
(WEEI) generating in terms of their activities with SMEs. In comparison with Fuller et al 
(2017), the index of overall rankings are strongly correlated, both with the entrepreneurial 
university index (0.67) and even more so the enterprising university index (0.71). This lends 
support to the approach used in this study in that it is consistent with previous studies using 
different techniques, is most strongly related to a broader measure of enterprise supporting 
activities, but also is able to provide additional information in relation to different strategic foci 
that underlie the rankings.  
5.2 Implications for regional economic development 
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The final research question, concerning whether there are specific SME-focused 
entrepreneurial university models/archetypes that are more likely to influence regional 
economic development in terms of shaping entrepreneurial ecosystems, is more complex. The 
results from this study suggest the ways universities engage in strategic choices tend to be 
within a small number of KE portfolios that vary significantly. In part this appears likely due 
to universities that emphasise KE activities aligned with their own internally driven advantages 
will likely achieve better outcomes for the university itself. However, there are also other, more 
subtle often geographic forces at play. For example, prior empirical evidence has shown a 
negative correlation between the incomes from contract research and CPD (Day and Fernandez, 
2015), suggesting that universities that have high levels of contract research activities are less 
likely to have high levels of CPD. Previously it has been suggested that this may be due to the 
potential divide between research-intensive and teaching-led universities. For example, 
contract research is more research oriented, suggesting that it is more linked to the research 
intensity of universities, whereas CPD is more teaching oriented, implying that it is more 
related to how the university prioritises teaching. Whilst our results partly support this, as these 
activities are being employed in closely correlated sets of activities for different groupings of 
universities, high research intensive Russell group universities can also be found in both groups, 
as well as less research intensive. There are also the more broadly based universities (including 
Russell group universities) that undertake both sets of activities more evenly. More generally, 
the Russell Group universities traditionally defined as being research intensive can be found in 
all four of the groupings. 
It is the universities with a narrower focus on higher research based activities, that are more 
likely to be ranked in the top 10 of this index, indicating that from the universities’ point of 
view, it may be that a more niche focused strategy (particularly research commercialisation 
which leverages the intellectual property generated within the university) is more likely to be 
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successful from the university’s own point of view. It has also been highlighted previously that 
research commercialisation activities can contribute to regional economic development 
through the creation of new ventures and jobs (Fini et al., 2011), spin-offs positively impacting 
economic development (Guerrero et al., 2015), these KE activities directly contributing to 
society via the introduction of new products and services (Colyvas, 2007). Given the greater 
need for these activities to take place within entrepreneurial ecosystems that are able to absorb 
and use this knowledge then it might be expected that this particular archetype would work 
best in terms of regional economic development within stronger core regions. Looking at the 
LEP area covering London, for example, of the 7 universities with a KE focus (another 30 
being part of the WEEI cluster), 2 fall within the TRF grouping, 1 within the BF group and the 
majority, 4, are designated as IPERF in nature. 
Conversely, the other focused grouping, encompassing TRF activities (and universities Salford 
(ranked 12th), York (14th), Anglia Ruskin (13th) and Liverpool (6th)) includes activities that 
have received less attention than studies on research commercialisation. Indeed, the study by 
D’Este and Patel (2007) is among one of the first to consider activities such as contract research 
and consulting. This grouping also includes KE activities that can be seen as providing business 
and community related services, designed to support businesses and local communities, such 
as continuing professional development (CPD) and facilities and equipment related services. 
Through accessing universities’ resources, organisations may consequently save the resources 
that are required to invest in their own facilities, extremely beneficial for SMEs given that they 
tend to be constrained by limited resources. This would suggest, therefore that this particular 
archetype would work best in terms of regional economic development in more obviously 
peripheral economic regions. In the South West of England, for example, only 2 of the 6 
universities have a KE focus (the other 4 being WEEI) both of these part of the TRF group. 
For Liverpool whilst 4 of the 5 universities are part of the WEEI group, the one KE focused 
25 
 
university is part of the TRF. In the North East also, whilst 2 of the universities are in the WEEI 
category, there are 2 KE focused universities, both part of the TRF cluster.  
It is between the core-periphery extreme, therefore, that one might expect the broad based 
entrepreneurial university archetype to be most relevant, but also potentially, more difficult to 
achieve, and therefore likely to be in more need of stronger internal and external drivers. The 
evidence here is broadly, but not wholly supportive of this. In England, the LEP covering 
Manchester, for example, has 1 BF university as well as 1 IPERF and 3 in the WEEI category. 
For the LEP covering Leeds also includes a BF university along with 4 in the WEEI category. 
In terms of GVA per head in the region in which the universities sit, within the 3 broad 
groupings of universities with positive scores, it is those with Software licence income /  non 
software licence income / Contract research, and sales of shares in spinoffs focus that have the 
highest GVA per head average (£28054), with universities taking the CPD / Consultancy / 
Facilities focus where the GVA per head average is lowest (£23985), the broadly focused 
university grouping sitting between these two extremes (£27534).  
In terms of external drivers, the government is clearly encouraging businesses to engage with 
universities. For example, the Higher Education Innovation Fund (HEIF) was specifically 
devised to encourage and support universities’ engagement in KE activities, the allocation of 
HEIF based solely on universities’ incomes generated from KE activities (PACEC, 2012), 
suggesting that universities are incentivised to increase their KE activities. Universities that 
receive HEIF are also now required to outline their strategies in relation to KE activities 
(PACEC, 2017). These policy contexts may help explain the broader strategic focus of certain 
universities, given that a narrower focus would seem to pay greater rewards to the university 
itself. Universities also, however, clearly have different levels of capabilities to engage in KE 
activities. Their KE capabilities are likely to be a function of several factors such as universities’ 
research quality, size, age, specialisation, and past experience. As Sengupta and Ray (2017a, 
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p. 706) noted, “specialized universities limited by the number of research-active disciplines 
would prefer channels involving AE [academic engagement], whereas those with a broader 
research focus discriminate between channels of RC [research commercialisation] or AE to a 
lesser degree”. In other words, the breadth of universities’ research focus determines the range 
of their KE activities. It has also been found that the presence of more applied disciplines (i.e., 
engineering or bio-medicine) positively influence universities’ tendency to engage in KE 
activities (Bekkers and Bodas Freitas, 2008). 
***Table 2*** 
The context of devolution also highlights potential roles of differential government Higher 
Education policy for the three nations of the UK that can all be considered geographically 
peripheral but who have very different combinations of university types. Looking at Scotland 
4 of the 9 universities with a KE focus are part of the TRF grouping, 4 in the IPERF, and one 
in the BF (with the 9 others part of the WEEI group). For Northern Ireland, whilst 2 of the 
universities are WEEI, one is IPERF and one BF.  For Wales, however, whilst 5 universities 
are designated as WEEI, one is part of the IPERF group whilst 2 are members of the TRF 
cluster, with none in the BF category. 
5.3    Strategic priorities for KE activities 
This research also raises an important question of whether the large number of universities that 
have weak external entrepreneurial income generating Activities with SMEs should be 
encouraged to enhance such activities. It may be more efficient for them to adopt strategies that 
prioritize areas that they have a relative comparative advantage, in the geographies that they 
have the capacity to serve. The results in the table above, for example, indicate that universities 
with relatively weak External Entrepreneurial Income generating Activities with SMEs are 
significantly more strategically focused on activities that Morgan (2002) conceptualised as 
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outreach, in terms of human (social) capital development, but only compared to the university 
group focused on Software licence income / non software licence income / Contract research, 
and sales of shares in spinoffs.  
Where universities have a narrow focus but the region they reside within is attempting to 
transition towards more core and away from peripheral economy status, this may also suggest 
the need for government policy able to utilise the strengths of universities that focus on 
different strategic areas, in combination. More generally, these results suggest, however, that 
at least in terms of strategies with regards to income generation with SME the dichotomy 
between ‘elite’ and ‘outreach’ universities, overlapping with Hewitt-Dundas’s (2012) Low 
Research Intensive /High Research Intensive definition is too simplistic, with policy 
development in this area requiring in-depth analysis of universities’ strategic focus prior to the 
development of linking multiple universities together to promote more beneficial 
entrepreneurial ecosystem outcomes. 
6. Limitation and future research 
Clearly this research has a number of limitations, broadly the prescriptive power limited due to 
the cross-sectional data, though offering a starting point for further research on the topic. More 
specifically, first, this study is based on one year of data, and a more longitudinal approach 
would be valuable. Second, this study is within the UK context only, and research into a range 
of international contexts would also help develop this area. Third, whilst we have been able to 
map the outcomes of strategic choices in terms of the KE activities focused on, we have not 
analysed in detail the individual level university reasons that might explain this, including 
underlying strategies. Fourth, the insights that come out from the data are based on a cross-
sectional analysis of those universities that currently have income coming from KE, meaning 
that this approach is not able to evaluate longitudinal transitional processes towards more 
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entrepreneurial universities, particularly in cases where there is no substantial income from the 
analysed activities. Nor have we undertaken a detailed evaluation of the regional economic 
context in which the university sits. More in depth analysis of the factors underlying 
universities strategic choices would therefore seem to be the most fruitful area for future 
research. 
7. Conclusions 
The research undertaken in the paper examined the outcomes from universities’ KE strategies 
with specific regards to interaction with SMEs, creating an index and ranking of universities, 
but also identifying specific groupings of universities defined by different combinations and 
strengths of the individual KE activities from which the overall rankings are derived. The 
contribution to knowledge concerning the Entrepreneurial University has been built, therefore, 
by extending the existing literature on university archetypes and rankings (most notably 
Morgan, 2002; Hewitt-Dundas, 2012; Abreu et al., 2016, Fuller et al., 2017) through more 
detailed, University-SME interactions specific analysis, of a broad range of University KE 
activities. This allows a more fine grained definition of Entrepreneurial Universities than 
previously, by simultaneously being able to evaluate their overall strength, range, focus, and 
combination, allowing identification of the diverse strategies different universities employ to 
obtain similar results in terms of outcomes. 
Specifically, it identifies that entrepreneurial universities valorize university knowledge assets 
through concentration on five SME-focused KE activities most beneficial to measuring the 
entrepreneurial university, namely Consultancy for SMEs, CPD for SMEs Software licence 
income, non-software licence income and contract research. It finds 4 different archetypal 
categories (groupings) of universities on the GAIA plane that can be visually identified from 
Weak External Entrepreneurial Income generating Activities with SMEs; CPD / Consultancy / 
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Facilities focused;  Software licence income /  non software licence income / Contract research, 
and sales of shares in spinoffs focused;  and Broadly focused. Identifying the most relevant KE 
activities (both singular and in combination) that universities are using, in relation to the 
entrepreneurial university concept as it relates to interactions with SMEs, Universities more 
narrowly focused on Software licence income /  non software licence income / Contract 
research, and sales of shares in spinoffs focused are those broadly with the highest 
Entrepreneurial University ranking.  
The results also suggest that the specific SME-focused entrepreneurial university archetype 
likely to be beneficial regional economic development in terms of shaping entrepreneurial 
ecosystems will likely depend on the ecosystem itself. Implications of the findings for key 
stakeholders include a potential need for government Higher Education policy to take account 
of the different mixes of university archetypes that exist in a region, when considering how 
best higher education can support regional policy goals. This is also particularly relevant when 
considering how to support SMEs, as key stakeholders and developers of regional 
entrepreneurial ecosystems.  
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Table 1: PROMETHEE Ranking of University KE Activity with SMEs 
Rank University Positive Negative Net Flows 
1 A104-The University of Oxford 0.328903 0.016645 0.312257 
2 A150-University College London 0.241222 0.018694 0.222528 
3 A134-The University of Southampton 0.190443 0.01754 0.172903 
4 A75-The University of Leeds 0.192261 0.023024 0.169238 
5 A28-Cardiff University 0.18752 0.02039 0.16713 
6 A82-The University of Liverpool 0.175388 0.019949 0.15544 
7 A25-The University of Cambridge 0.165584 0.016382 0.149202 
8 A93-The University of Manchester 0.165573 0.018485 0.147088 
9 A42-The University of Dundee 0.165283 0.029018 0.136264 
10 A1-The University of Aberdeen 0.155824 0.027097 0.128727 
11 A100-University of Nottingham 0.145663 0.019962 0.125702 
12 A128-The University of Salford 0.134909 0.024853 0.110056 
13 A4-Anglia Ruskin University 0.13382 0.025011 0.108809 
14 A162-The University of York 0.130857 0.023146 0.107712 
15 A123-The Royal Veterinary College 0.128847 0.021805 0.107042 
16 A142-The University of Surrey 0.119407 0.026165 0.093242 
17 A130-SRUC 0.119677 0.033772 0.085904 
18 A62-Heriot-Watt University 0.107128 0.027541 0.079586 
19 A72-The University of Lancaster 0.082719 0.024117 0.058601 
20 A67-Imperial College 0.076513 0.028208 0.048305 
21 A132-The University of Sheffield 0.072786 0.028503 0.044283 
22 A37-Cranfield University 0.067664 0.025258 0.042406 
23 A107-The University of Portsmouth 0.064812 0.025725 0.039087 
24 A102-The Open University 0.069556 0.030993 0.038563 
25 A70-King's College London 0.061255 0.022893 0.038362 
26 A50-The University of Exeter 0.062538 0.024221 0.038317 
27 A152-The University of Warwick 0.062805 0.027009 0.035797 
28 A12-Birmingham City University 0.066685 0.031426 0.035259 
29 A48-The University of Edinburgh 0.063653 0.02973 0.033923 
30 A21-The University of Bristol 0.05599 0.026207 0.029783 
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Table 2: Comparisons of Means between different cluster groupings: For Top 3 Selected Strategic 
Priorities of UK Universities Related to Entrepreneurial / Innovation Ecosystems identified in HE-BCI 
Report (2017). 
University Grouping Widening 
Participation 
Graduate 
Retention in 
Local 
Region 
Supporting 
SMES 
Graduate 
Enterprise 
Incubator 
Provision 
Attracting 
Students 
to Region 
Regional 
Skills 
Needs 
1) Weak External 
Entrepreneurial 
Income generating 
Activities with SMEs 
0.4513 (3,4) 0.1947 (3) 0.2743 (4) 0.1327 (3) 0.0354 0.2124(3) 0.2301(3) 
2) CPD / Consultancy / 
Facilities focused 
0.3478 0.0435 0.4348 (4) 0.0807 0.1304 0.0807 0.2609 
3) Software licence 
income / non software 
licence income / Contract 
research, and sales of 
shares in spinoffs focused 
0.1333 0.0000 0.2000 0.0000 0.0667 0.0000 0.0000 
4) Broadly focused 0.0909 0.1818 0.00000 0.0909 0.1818 0.0909 0.1818 
Note: Figures in parentheses refer to significant at 5% level Tamhane Tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
38 
 
 
Figure 1: PROMETHEE Scores by Variable 
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Figure 2: The GAIA plane analysis for knowledge exchange activities 
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Figure 3: Groupings of universities  
 
 
